Abstract: Freshly matured seeds of the dwarf shrubs Vaccinium myrtillus L., Vaccinium vitis-idaea L., and Vaccinium uliginosum L. from various sites in coniferous forests in Sweden were tested for germination before and after cold stratification. In initial tests, seeds of V. myrtillus and V. vitis-idaea germinated to 62-100% in light at 20:10 and (or) at 25:15°C with few (1-12%) or no seeds germinating at 15:5(6)°C; however, after 12 or 20 weeks of stratification germination increased significantly in light at 15:5(6)°C. Thus, seeds of these species are conditionally dormant at maturity. Of seeds sown outdoors in southern Sweden on various dates in summer, 1-20% of V. myrtillus and 0-2% of V. vitis-idaea germinated before winter. Seeds of neither species germinated during late May, when minimum temperatures were about 7-10°C, but they did germinate after minimum temperatures increased to ≥ 10°C. Although stratification increased germination percentages of V. myrtillus and V. vitis-idaea seeds at 15:5(6)°C, more than 2 weeks of incubation at this temperature was required for germination. Thus, even after habitat temperatures have reached the minimum range for germination of nondormant seeds, a slow rate of germination at low temperatures may prevent stratified seeds of both species from germinating in the field in early spring. Nonstratified seeds of V. uliginosum germinated to a maximum of 5% in light and of 7% in darkness, but after 12 weeks of stratification, seeds germinated to 49-95% in light and to 1-60% in darkness at the three temperature regimes. Most seeds of V. uliginosum are dormant at maturity, and they come out of dormancy during stratification in winter. By spring, seeds of V. uliginosum germinate over the same range of temperatures as those of V. myrtillus and V. vitis-idaea, but seeds of V. uliginosum germinate faster at 15:5(6)°C than those of the other two species.
Introduction
Dwarf shrubs in the genus Vaccinium are important components of boreal and other coniferous forest ecosystems of the northern hemisphere (Kielland-Lund 1981; Ellenberg 1988; Peinado et al. 1998; Rivas-Martínez et al. 1999) . Although some information is available on the dormancy-breaking and germination requirements of seeds of several species in this genus (Baskin and Baskin 1998) , it is difficult to determine from the published data if freshly matured seeds are dormant or nondormant. Further, it frequently is unclear if nondormant seeds of a Vaccinium species will germinate only if they are incubated at relatively high temperatures. Some of the problems in evaluating data from previous studies are due to (i) lack of germination tests on freshly matured seeds, (ii) periods of stratification that are too short (e.g., 30 days, 5 weeks) to simulate the amount of cold, moist treatment that seeds would receive in nature, and (iii) germination tests being conducted only at constant temperature(s) rather than at alternating temperature regimes simulating those occurring in the habitat.
Studies on dormancy-breaking and germination requirements of seeds of Vaccinium myrtillus L., Vaccinium uliginosum L., and Vaccinium vitis-idaea L. were conducted to enhance our understanding of the seed biology of these important coniferous ecosystem species and to contribute to the growing body of knowledge on the world biogeography of seed dormancy and germination (Baskin and Baskin 1998) . More specifically, we investigated the dormancy state of freshly matured seeds and the effects of stratification on germination requirements. Additional studies were conducted on seeds of V. myrtillus and V. vitis-idaea to determine (i) the germination requirements of seeds that overwintered in berries in the field, (ii) the effects of light and darkness during stratification on the germination of seeds in light and darkness, and (iii) gemination phenology of seeds sown outdoors at various times in southern Sweden.
Materials and methods

Germination of freshly matured seeds
Ripe berries of V. myrtillus, V. uliginosum, and V. vitis-idaea were collected in various locations in Sweden in 1997 and 1998 (Table 1) . Berries were crushed gently to release the seeds, which were washed free of fruit material. Seeds were dried in an open container at room temperature for 5-10 days prior to initiation of studies.
Seeds were placed in 55-mm-diameter Petri dishes, and three replications of 50 seeds each were used for each test condition. Seeds collected in 1997 were sown on two sheets of Munkell 1003 filter paper moistened with deionized water and those collected in 1998 on two sheets of Whatman No. 1 filter paper moistened with distilled water. The 1997 seeds were incubated in light (12 h of ca. 40 µmol·m -2 ·s -1 , 400-700 nm cool white fluorescent light each day) and in continuous darkness at 12 h : 12 h daily alternating temperature regimes of 15:5, 20:10, and 25:15°C. The 1998 seeds were incubated in light (14 h of ca. 40 µmol·m -2 ·s -1 , 400-700 nm cool white fluorescent light each day) and in continuous darkness at 12 h :12 h daily alternating temperature regimes of 15:6, 20:10, and 25:15°C. The light period extended from 1 h before the high temperature period began to 1 h after it ended. The three alternating temperature regimes simulated mean daily maximum and minimum monthly temperatures near the soil surface during the growing season in Uppsala, Sweden: April, 15:5(6); May, 20:10; June and July, 25:15; August, 20:10; and September, 15:5(6) °C (Milberg and Andersson 1997) . All dishes were sealed with parafilm (1997) or plastic film (1998) to reduce loss of water. Darkness was obtained by wrapping dishes with two layers of aluminum foil. Protrusion of the radicle was the criterion for germination. Germination percentages in light were determined after 2 and 4 weeks and those in darkness after 4 weeks.
Effect of stratification on germination
Seeds collected at various sites in 1997 (Table 1) were placed on moist paper as described above; three replications of 50 seeds each were used for each test condition. Eighteen dishes for each species were wrapped with aluminum foil and incubated at 1°C for 12 weeks. After the 12-week stratification period at 1°C, six dishes of each species were transferred to 15:5, 20:10, and 25:15°C. The aluminum foil was removed from three dishes for each species at 15:5, 20:10, and 25:15°C; consequently, seeds stratified in darkness were incubated in light and in darkness at each temperature regime. Germination percentages of all stratified seeds were determined after 2 and 4 weeks of incubation in light and after 4 weeks in darkness.
On the day seeds were placed at 1°C, control (nonstratified) seeds were placed in light and in darkness at 15:5, 20:10, and 25:15°C. Nonstratified seeds were kept in light for the duration of the experiment, and they were checked at 2-week intervals; water was added to paper in the dishes if needed. Nonstratified seeds were incubated in darkness at 15:5, 20:10, and 25:15°C for 4 weeks, after which they were checked for germination and discarded.
A Mann-Whitney U test at a 5% level of significance was used to compare final germination percentages of stratified and nonstratified seeds in light at each alternating temperature regime.
Germination of seeds from berries overwintered in the field
On 22 May 1998, melting of the snow at Månsträsk, Sweden, which is in Lappland about 63 km southeast from Arjeplog, revealed that some berries, produced in 1997, were still attached to plants of V. myrtillus and of V. vitis-idaea. Berries were collected and the seeds were removed, and on 1 June 1998 seeds were placed on moist paper in light (as previously described) at 5:1, 15:6, 20:10, and 25:15°C; three replications of 50 seeds each were placed at each temperature regime. At the 5:1°C regime, seeds simultaneously received a 12-h light and a 12-h high temperature period each day. Germination percentages were determined at 2-week intervals for 6 weeks.
Light requirement for germination of V. myrtillus and V. vitis-idaea seeds
To further investigate the light requirements for seed germination in V. myrtillus and in V. vitis-idaea, an experiment was conducted using seeds collected in 1998 (see Table 1 ). Fresh seeds were placed on moist Whatman No. 1 filter paper, and three replications of 50 seeds each were used for each species at each test condition. For each species, 18 dishes were placed in light and 18 in darkness at 5:1°C for 20 weeks. After the 20-week period, six dishes stratified in light and six stratified in darkness for each species were transferred to 15:6, 20:10, and 25:15°C. At each temperature, three dishes of seeds stratified in darkness for each species were opened and incubated in light, and three dishes of seeds stratified in light were wrapped with aluminum foil and incubated in darkness. Germination percentages of seeds incubated in light were determined after 2 and 4 weeks and of those incubated in darkness after 4 weeks.
Control (nonstratified) seeds were kept on moist paper in light and in darkness at 15:6, 20:10, and 25:15°C for the duration of the study. Seeds in light were checked for germination at 2-week intervals, but those in darkness were not opened until the end of the 24-week period.
For each species, a Mann-Whitney U test at a 5% level of significance was used to compare germination of stratified seeds (incubated in light or in darkness for 4 weeks) and nonstratified seeds (after 24 weeks) at each alternating temperature regime.
Germination phenology
Seeds of V. myrtillus and V. vitis-idaea were collected during the fruiting season of 1998 at bi-weekly intervals from pine-dominated (Pinus sylvestris L.) forests north of Tranås, Småland, southern Sweden. Vaccinium myrtillus seeds were collected on four dates (3 km N Tranås) but V. vitis-idaea only on three (4 km NNW Tranås), reflecting the phenology of berry availability. Seeds were extracted from the berries and dried for 1-7 days. Three replications of 200 seeds each were sown on the surface of commercial peat potting soil in pots (160 mm diameter, 117 mm height) placed outdoors, 50 km NE of the collection sites. Pots were placed under a table on the north side of a greenhouse, i.e., they were exposed to natural temperature conditions but protected from direct rainfall and direct sunlight. Temperature was recorded approximately every second hour in a parallel pot at 10 mm depth with a TINYTALK-TEMP logger (Orion Components Ltd., Chichester, U.K.). Soil in the pots was kept constantly moist, and seedlings were counted and removed weekly, except during the winter, when counts were done biweekly during snow-free periods. The experiment was terminated after 15 months, when there had been no emergence for 10 weeks. Therefore, only 13 months of data are presented.
Results
Germination of freshly matured seeds
Germination of V. myrtillus seeds incubated in light for 4 weeks ranged from 62 to 100% at 20:10 and 25:15°C and from 1 to 12% at 15:5(6)°C ( 
Note: Seeds were incubated for 4 weeks in darkness (D) or in light (L) at each temperature regime. After 4 weeks of incubation in light, 1-5% of the V. uliginosum seeds had germinated at 20:10 and 25:15°C, but none had germinated at 15:5°C. Maximum germination in darkness was 7%, at 25:15°C.
Germination of seeds of V. vitis-idaea incubated in light for 4 weeks ranged from 63 to 80% at 25:15°C and from 3 to 11% at 20:10°C. No seeds germinated at 15:5(6)°C; 0-1% of the seeds germinated in darkness.
Effect of stratification on germination
Nonstratified seeds of V. myrtillus from all sites kept in light at 20:10 or 25:15°C for 16 weeks germinated as well as, or even to a significantly higher percentage, than stratified seeds. Nonstratified seeds from Arjeplog germinated to a significantly higher percentage in light at 15:5°C than those that were stratified, while stratified seeds from Gysinge and Vimmerby germinated to significantly higher percentages in light at 15:5°C than nonstratified ones. Stratified seeds of V. myrtillus did not germinate in darkness.
During 4 weeks of incubation in light, 69-95% of the stratified seeds of V. uliginosum germinated at 20:10 and 25:15°C, and 49-51% of them germinated at 15:5°C (Table 2). However, germination of nonstratified seeds in light at the three temperature regimes ranged from 1 to 17%. After 4 weeks in darkness, stratified seeds of V. uliginosum germinated to 19-60% at 20:10 and 25:15°C, but to only 1-6% in darkness at 15:5°C.
With the exception of stratified and nonstratified seeds of V. vitis-idaea from Gysinge tested in light at 25:15°C, stratified seeds germinated to a significantly higher percentage than nonstratified ones in light at each temperature regime (Table 2) . Stratified seeds germinated to 0-7% in darkness.
Germination of seeds from berries overwintered in the field
After 2 weeks in light, only 1% of the V. myrtillus seeds collected in May 1998 had germinated at 25:15°C, and none had germinated at the other temperatures (Table 3) . However, 35, 72, and 97% of the seeds had germinated after 6 weeks at 15:6, 20:10, and 25:15°C, respectively.
After 2 weeks in light, 26% of the May-collected seeds of V. vitis-idaea had germinated at 25:15°C, but none had germinated at 15:6 or 20:10°C (Table 3) . After 6 weeks, 93, 99, and 100% of the seeds had germinated at 15:6, 20:10, and 25:15°C, respectively.
Since no seeds of either species had germinated at 5:1°C after 6 weeks, seeds were retained at this regime for an additional 6 weeks. After 12 weeks at 5:1°C, 0 and 1% of the V. myrtillus and V. vitis-idaea seeds, respectively, had germinated.
Light requirement for germination of V. myrtillus and V. vitis-idaea seeds
Seeds of V. myrtillus stratified in either light or darkness and then incubated in light at 15:6°C germinated to a significantly higher percentage than nonstratified seeds kept in light at 15:6°C for the duration of the study (Fig. 1) . Seeds stratified in light and incubated in darkness germinated to a significantly lower percentage at 15:6, 20:10, and 25:15°C than did nonstratified seeds kept in light at these temperatures for 24 weeks. Seeds stratified in darkness and incubated in light at 20:10 and at 25:15°C also germinated to significantly lower percentages after 24 weeks than nonstratified seeds in light at 20:10 and 25:15°C.
Seeds of V. vitis-idaea receiving light during stratification and (or) incubation germinated to significantly higher percentages after 24 weeks at 15:6 and 20:10°C than nonstratified seeds in light at these temperatures (Fig. 1) . Seeds receiving light during stratification or during incubation germinated as well as nonstratified seeds after 24 weeks in light at 25:15°C.
Germination phenology
A cumulative germination curve was constructed using data from each sowing date for each species (Fig. 2) . Seeds of V. myrtillus sown on 29 July 1998 (collected on 22 July 1998, see Table 1 ) and on 5 August 1998 germinated to 20 and 13%, respectively, by 1 October 1998. Most of the seeds that germinated did so in late August and early to midSeptember, when minimum daily temperatures frequently were ≥10°C (Fig. 2c) . Only 1-2% of the V. myrtillus seeds sown on 19 August or on 3 September germinated in autumn 1998. In 1998, 0.2, 2, and 0% of the V. vitis-idaea seeds sown on 19 August, 3 September, and 17 September, respectively, germinated (Fig. 2b) . In 1999, few seeds of either species germinated until early June. The beginning of the germination season for both species in early June coincided with the time when daily minimum temperatures were ≥10°C (Fig. 2c ). An additional 7, 2, 15, and 15% of the V. myrtillus seeds sown on 29 July, 5 August, 19 August, and 3 September 1998, respectively, germinated in June and July 1999, giving a total of 27, 15, 16, and 17% germination for each sowing date, respectively. Seeds of V. vitis-idaea sown on 19 August, 3 September, and 17 September 1998 germinated to 26, 34, and 41%, respectively.
Discussion
After 4 weeks of incubation in light, 63-100% of the freshly matured seeds of V. myrtillus and V. vitis-idaea germinated at 25:15°C, but only 1-12% of the V. myrtillus and none of the V. vitis-idaea seeds germinated at 15:5(6)°C (Table 1) . Regardless of the temperature, none of the nonstratified seeds of V. myrtillus and only 7% of the nonstratified V. vitis-idaea seeds germinated in darkness (Tables 1 and 2 ). Nonstratified seeds of V. myrtillus from Yugoslavia required a 9-day pretreatment of continuous exposure to red light before 90% of them germinated in darkness at 25°C (Giba et al. 1995) . Although high germination percentages were obtained for V. myrtillus and V. vitis-idaea in light at 25:15°C in the present study, these data do not necessarily mean that the seeds were nondormant. They could have been conditionally dormant, in which case, a dormancybreaking treatment such as stratification might increase germination percentages at 20:10°C and (or) increase the range of temperatures over which germination would occur.
By definition, nondormant seeds germinate over the widest range of conditions possible for the species or ecotype. Dormant seeds do not germinate under any combination of temperature and light-dark conditions, and seeds in the early stages of conditional dormancy (Vegis 1964) germinate over a narrow range of conditions, which can be increased with appropriate treatments (Baskin and Baskin 1998) . Stratification in darkness for 12 weeks (Table 2) or in either darkness or light for 20 weeks (Fig. 1) Note: All seeds were stratified in darkness, after which half of them were incubated in light and half in darkness. Statistical tests (Mann-Whitney U test, 5% level of significance) compared final germination percentages of stratified and nonstratified seeds in light at each temperature regime. ns, nonsignificant; *, significantly different. mum possible germination percentages for either species, and therefore seeds of both species are conditionally dormant at maturity. Depending on the collection site, freshly matured seeds of V. uliginosum germinated to a maximum of 7% in darkness and 5% in light at 25:15°C (Table 1) . After the seeds were stratified, 49-95% of them germinated in light and 1-60% in darkness over the range of temperature regimes (Table 2) . Thus, a large proportion of the population of fresh seeds did not germinate regardless of test conditions, but many of the stratified seeds germinated at all conditions. We conclude that most of the seeds were dormant at maturity.
Using seeds of V. uliginosum collected in Alaska and stored dry in sealed plastic bags at -18°C for 2 months, Calmes and Zasada (1982) obtained 52, 60, 8, and 0% germination at 25, 20, 15, and 10°C, respectively, in light and 46, 41, 27 , and 0%, respectively, in darkness. After seeds were stratified at 2°C for 30 days, presumably in darkness, they germinated to 91, 87, 51, and 8% at 25, 20, 15, and 10°C, respectively, in light and to 83, 50, 14 , and 0%, respectively, in darkness. The reason(s) that nonstratified V. uliginosum seeds from Alaska germinated to higher percentages than those from Sweden is(are) unknown. There might have been some dormancy loss in the Alaskan seeds during the 2-month storage period at -18°C prior to initiation of the germination studies (e.g., Probert et al. 1985) . Environmental differences during seed development, genetic differences, or environment × genetic interactions (see Baskin and Baskin 1998 ) might explain why nontreated seeds from Sweden were dormant and those from Alaska were conditionally dormant.
Although stratification significantly increased germination percentages of V. myrtillus at 15:5(6)°C, seeds did not germinate at this temperature regime unless they were in light. Exposure to light during the stratification period did not promote germination in darkness at 15:6°C, but it did promote germination in darkness at 20:10 and 25:15°C (Fig. 1a) . However, seeds from all collection sites that were both stratified and incubated in darkness failed to germinate in darkness, regardless of the alternating temperature regime. The implication of these results is that the first seeds to germinate in spring or early summer would be those on the soil surface. Seeds that receive light during winter but subsequently become covered before they can germinate have the potential of germinating in darkness; however, this would not happen until maximum day-time temperatures increased to 20-25°C. Ritchie (1956) recorded 46% germination of presumably freshly matured seeds of V. myrtillus in light at room temperatures. Sixty-four percent of the seeds germinated at room temperature following 3 weeks at 0°C on sterile filter paper . L→ L, seeds stratified and incubated in light; D→ L, seeds stratified in darkness and incubated in light; L→ D, seeds stratified in light and incubated in darkness; D→ D, seeds stratified and incubated in darkness. None of the nonstratified seeds of either species germinated in darkness after 24 weeks. ns, nonsignificant; *, stratified seeds germinated to a significantly higher percentage than nonstratified seeds; ᭛, nonstratified seeds germinated to a significantly higher percentage than stratified seed (P ≤ 0.05 with Mann-Whitney U test). moistened with distilled water. Mallik and Gimingham (1985) also obtained 64% germination in presumably freshly matured seeds at 20°C; they did not state whether seeds were in light or in darkness. Following 5 weeks of stratification at 0°C, only 6% of the seeds germinated; light-dark conditions during stratification were not given. Did germination of stratified seeds decline owing to stratification per se or was the decline owing to the fact that seeds were held in darkness at 0°C for 5 weeks? In our studies, seeds stratified in darkness and incubated in light at 20:10 or at 25:15°C frequently germinated to significantly lower percentages than did nonstratified seeds kept continuously at these temperatures for 16 (Table 2) or 24 (Fig. 1a) weeks. However, germination of seeds stratified in light and incubated in light at 20:10 or at 25:15°C was not significantly different from germination of nonstratified seeds kept at 20:10 or at 25:15°C for 24 weeks (Fig. 1a) . Thus, stratification per se did not decrease germination percentages, but being in darkness during stratification decreased germination percentages relative to those of nonstratified seeds kept at 20:10 and 25:15°C.
Stratified seeds of V. vitis-idaea also required light to germinate at 15:6°C. However, unlike seeds of V. myrtillus, those of V. vitis-idaea germinated in darkness at 15:6°C if they were exposed to light during stratification (Fig. 1) . Further, stratification of V. vitis-idaea seeds in darkness followed by incubation in light did not cause significant decreases in germination percentages at 20:10 or at 25:15°C compared with nonstratified seeds kept in light at these temperatures for 24 weeks (Fig. 1b) . In other studies in which seeds of V. vitis-idaea presumably were stratified in darkness and incubated in light, increases in germination of stratified seeds have been recorded. For example, 3 weeks at 0°C increased germination of V. vitis-idaea seeds in light at room temperature from 31 to 56% (Ritchie 1955) , and 5 weeks at 0°C increased germination in light (?) at 20°C from 0 to 62% (Mallik and Gimingham 1985) .
Vander Kloet and Hill (2000) obtained 12 and 55% germination of V. vitis-idaea and V. uliginosum seeds, respectively, that were inside berries during stratification under natural winter temperatures in Nova Scotia, Canada, and during testing at 20:15°C in a greenhouse. On the other hand, seeds extracted from fruits prior to stratification germinated to 65 and 69%, respectively. In our studies, 0-12% and 24-60% of the seeds of V. vitis-idaea and V. uliginosum, respectively, stratified in darkness germinated in darkness at 25:15°C (Fig. 1b,  Table 2 ). However, seeds of V. vitis-idaea and V. uliginosum both stratified and incubated in light germinated to 87-93% (Fig. 1b, Table 2 ) and 69-95% (Table 2) , respectively, at 25:15°C. Thus, seeds of V. vitis-idaea have a greater light requirement for germination than those of V. uliginosum. This information may explain why a higher percentage of the seeds of V. uliginosum than those of V. vitis-idaea germinated in Vander Kloet and Hill's (2000) study following stratification in berries. Tissues of the fruits may have prevented light from reaching the seeds. None of the V. myrtillus seeds stratified in darkness in our study germinated in darkness (Fig. 1a, Table 2 ); consequently, it is expected that seeds of this species stratified inside berries would fail to germinate in spring unless the berries were opened and seeds exposed to light.
Does the relative ability of seeds of V. myrtillus, V. uliginosum and V. vitis-idaea to germinate in darkness after being stratified in darkness indicate how long buried seeds might live in the soil? That is, would seeds such as those of V. uliginosum that can germinate in darkness be depleted from the soil seed bank via in situ germination faster than those of a species that require light for germination? Buried viable seeds of V. myrtillus (Milton 1936; Whipple 1978; Granström 1982 ), V. vitis-idaea (Johnson 1975 Archibold 1979; Granström 1982) , and V. uliginosum (Granström 1982) have been found in various population sites, and the total number of seeds germinating in soil samples taken from five coniferous stands in northern Sweden was 269, 15, and 2, respectively, (Granström 1982) . At first, these data would seem to support the idea that buried V. myrtillus seeds live longer than those of the other two species, but the relative abundance of seeds of the three species in the soil samples closely reflected abundance of these species in the ground flora at the collection sites (Granström 1982) . Thus, the data may be reflecting the number of seeds produced at the sites rather than viability of buried seeds.
One way to determine how long seeds might live in the soil is to bury them under natural temperature and soil moisture conditions and test samples at regular intervals. After 5 years, 89 and 20% of the buried seeds of V. myrtillus and V. vitis-idaea, respectively, buried in soil in a northern Swedish coniferous forest were alive (Granström 1987) . Twentyseven and 30% of the seeds of V. uliginosum and V. vitisidaea, respectively, buried in Newfoundland, Canada, were alive after 6 years (Vander Kloet and Hill 1994) . In neither the Swedish nor the Canadian study, did the authors determine the cause of loss of viability of buried seeds. In general, it appears that seeds of all three species form long-lived persistent seed banks, but more seeds of V. myrtillus than of V. vitis-idaea or of V. uliginosum might be viable after a given period of burial. This idea needs to be tested.
Information from various sources indicates that seeds of V. myrtillus, V. vitis-idaea, and V. uliginosum can be stratified while they are still inside the moist fruits. Seeds of V. vitis-idaea extracted from berries collected in the field in January in England germinated to 74% in light at room temperature, while seeds collected and tested in autumn germinated to 24-31%, depending on type of substrate used (Ritchie 1955) . Seeds from berries of V. vitis-idaea and of V. uliginosum overwintered outdoors in Newfoundland, Canada, germinated to 81 and 48%, respectively, in light at 25:10°C, while seeds collected and tested in the previous autumn germinated to 18 and 5%, respectively, (Vander Kloet and Hill 1994) . Although no seeds of V. myrtillus or of V. vitis-idaea were collected at Månstråsk, Sweden, and tested in autumn 1997, seeds from berries collected in this region in May 1998 germinated to high percentages, especially at 20:10 and at 25:15°C (Table 3) . We have no proof that seeds in berries at Månsträsk were stratified during winter. However, if data for V. myrtillus and V. vitis-idaea seeds collected at Arjeplog (ca. 63 km to the northwest) in November (Table 1) are any indication of the dormancy condition of seeds at Månsträsk in November, then a considerable increase in ability to germinate at 15:6°C occurred as seeds overwintered in berries at Månsträsk. Regardless of whether (i) germination percentages increased at 15:6°C as a consequence of seeds receiving a stratification treatment or (ii) they already were capable of germinating at this temperature in early winter, seeds of both species could germinate, albeit rather slowly, at 15:6°C when removed from the fruits in spring. Since seeds of V. myrtillus and V. vitis-idaea removed from fruits in May failed to germinate in light at 5:1°C, it is expected that seeds would not germinate in the field at the time of snow melt. The ability of seeds to germinate after overwintering in berries in the field in England, Canada, and Sweden suggests that retention of fruits on plants during winter may have little effect on the appearance of seedlings the following growing season. However, neither the influence of actual time of dispersal in spring nor the rate of fruit breakdown on germination has been determined.
Germination data obtained in the laboratory (Table 2 , Fig. 1) indicate that a few seeds of V. myrtillus, but none of V. vitis-idaea, would germinate in the field in autumn, when maximum and minimum daily temperatures are about 15 and 5°C, respectively. In the germination phenology study (Fig. 2) , few seeds of V. vitis-idaea germinated in autumn, and germination of V. myrtillus seeds ceased when minimum daily temperatures declined to about 2-5°C. Since stratified seeds of both species germinated to high percentages in light at 15:5(6)°C, it might be assumed that seeds could germinate in the field in spring when temperatures are about 15:5(6)°C. However, in the phenology study, seeds of V. myrtillus and of V. vitis-idaea did not germinate during the last 2 weeks of May 1999, when minimum daily temperatures were about 5-7°C, although maximum daily temperatures frequently were between 20 and 25°C. Lack of germination in the phenology study during the last 2 weeks of May probably is due to the low rate of germination of stratified seeds of both species at low, i.e., 15:5(6)°C, temperatures ( Table 2 , Fig. 1 ). Although at least some stratified seeds of V. myrtillus and of V. vitis-idaea germinated within 2 weeks at 20:10 and at 25:15°C, stratified seeds of both species required more than 2 weeks of incubation at 15:5(6)°C for any germination to occur. Germination of V. myrtillus and of V. vitis-idaea seeds in June and July is in contrast to that of seeds of many species in southern Sweden, which germinate in May (e.g., Milberg 1994a Milberg , 1994b Håkansson 1983) .
Our results emphasize the need for using a range of test conditions when evaluating the dormancy state of seeds. Also, freshly matured seeds, as well as those given a dormancy-breaking treatment, need to be tested. It is assumed that the dormancy-breaking treatment will simulate conditions seeds would receive in nature between maturation-dispersal and the beginning of the germination season. If seeds of V. myrtillus and of V. vitis-idaea had been tested only at 25:15°C, both before and after a stratification treatment, we would have concluded that they were nondormant at maturity. However, testing nonstratified and stratified seeds over a range of alternating temperature regimes showed that stratification (i) significantly increased germination of V. myrtillus seeds at 15:5(6)°C and (ii) caused seeds of V. vitis-idaea to gain the ability to germinate at this regime. Thus, freshly matured seeds of V. myrtillus and of V. vitis-idaea from Sweden were conditionally dormant. Freshly matured seeds of V. myrtillus from the Rocky Mountains in Alberta, Canada, germinated to 83 and 40% in light at 28:13 and 22:5°C, respectively (Vander Kloet 1983) , suggesting that seeds from this population have conditional dormancy. Freshly matured seeds of V. vitis-idaea var. minus Lodd. from Nova Scotia, Canada, germinated to 77% in light(?) at 21°C (Hall and Beil 1970) , and those from Newfoundland, Canada, germinated to 87% in light at 26:12°C (Hall and Shay 1981) . Perhaps, seeds of variety minus are also conditionally dormant at maturity.
It turns out that using only 25:15°C to test nonstratified and stratified seeds of V. uliginosum would have led to the correct conclusion, i.e., that the seeds were dormant at maturity. However, unless nonstratified and stratified seeds of V. uliginosum had been tested over a range of temperatures, we would not have known that our conclusion was correct.
